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Introduction
The management of patients with pelvic fractures can be challenging. Pelvic fractures run the gamut of fairly straightforward injury to complex fractures with marked hemodynamic instability. The mortality rates from pelvic fracture have ranged from 18 to 40% [1] [2] [3] [4] . Death within 24 h of injury is most often due to hemorrhage [2] . Efforts to improve outcomes have led to practice guidelines with algorithms. In centers where algorithms for management of these injuries have been adopted, mortality has decreased [5] [6] [7] . A multidisciplinary approach is required for the proper management of hemodynamically unstable patients with pelvic fractures. The trauma surgeon, experienced orthopedic surgeon, and skilled interventional radiologist all have important roles to play in caring for these patients.
This study aims to review the current management strategies in the evaluation and management of patients with pelvic fractures.
Sources of hemorrhage
Identifying the site(s) of hemorrhage and controlling the bleeding are key elements in managing pelvic fractures. Bleeding occurs from arteries, veins, and cancellous bone. A classic study of autopsy specimens demonstrated contrast extravasation from the hypogastric arteries in 85%, with bilateral sources of hemorrhage in 63% and more than one bleeding site identified in 61%. Significant bleeding was noted from the fracture sites as well [8] .
Another study noted arterial bleeding in over 70% of hemodynamically unstable patients with pelvic fractures [9] . Additionally, some fracture patterns are more commonly associated with vessel injury. For example, pubic rami fractures are associated with obturator vessel injury; sacroiliac joint separation correlates with a shear type injury and venous bleeding, as well as hemorrhage from gluteal and hypogastric branches [10, 11] .
Purpose of review
The management of patients with pelvic fractures can be demanding. Severe pelvic fractures pose a great challenge for physicians and can greatly contribute to significant patient morbidity and mortality. The purpose of this review is to highlight recent, positive changes in the management of patients with pelvic fractures.
Recent findings
The current status of pelvic fracture management is presented, including a recently proposed algorithm for management, an evaluation of roles of angioembolization and preperitoneal packing. Additionally, the approach of bilateral internal iliac artery ligation as a salvage procedure is reviewed, and the outcome of acute (<24 h) pelvic fracture operative fixation. Regardless of the strategy adopted, a multidisciplinary approach is required for the proper management of hemodynamically unstable patients with pelvic fractures.
Summary
The key elements in managing patients with pelvic fractures are swift and adequate resuscitation, reversal of shock and acidosis, and rapid control of hemorrhage to facilitate survival of these patients. Multimodality therapies including external pelvic stabilization, angioembolization and preperitoneal pelvic packing are useful adjuncts that require appropriately trained and immediately available personnel. A multidisciplinary approach has been shown to be beneficial for patient outcomes.
Blunt force trauma, severe enough to fracture the pelvic ring, can also cause significant intraabdominal injuries. The frequency of abdominal injury ranges from 16 to 55% [12] [13] [14] . Evaluation of the abdomen for associated injuries cannot be overemphasized.
Resuscitation, evaluation, and management
The management algorithm of pelvic fractures should address diagnostic evaluation, indications for noninvasive pelvic stabilization, abdominal evaluation, and decisions concerning surgical options and angiography. These determinations are influenced by individual hospital capabilities including the availability of a surgical team and familiarity with the principles of damage control and preperitoneal packing, and the availability of urgent angiography for pelvic embolization. The algorithm referenced here was developed by the Western Trauma Association [15] .
External pelvic stabilization
In patients with hemodynamic instability, external pelvic stabilization may be beneficial. The pelvis can be stabilized by tightly wrapping a sheet around the pelvis, centered over the greater trochanters, and securing the sheet with towel clips. There are also proprietary devices manufactured for the same purpose. This approach may benefit patients with certain fracture types such as open book fractures or pubic symphysis diastasis. Level II evidence demonstrates that external stabilization can reduce pelvic volume by 10% [16, 17] . A small retrospective study demonstrated an increase in SBP by approximately 40 mmHg with the use of external pelvic stabilization [18] . Skin necrosis can occur over injured areas and bony prominences if the device is left in place longer than 24-36 h [19] . The use of these external stabilization devices for lateral compression fractures or pubic rami fractures may exacerbate hemorrhage.
An external fixator or posterior pelvic C-clamp may be used for pelvic stabilization as well [20, 21] . The pelvic Cclamp provides direct and improved stabilization of the posterior pelvic ring providing tamponade. However, the C-clamp should not be used with fractures of the ilium or with transiliac fracture-dislocations. Complications can include injury to the gluteal neurovascular structures and the risk of secondary nerve injury in sacral fractures. Pin tract infections and pelvic organ perforation have also been reported [22] .
Angiography
Patients who are hemodynamically stable after injury or are rapidly stabilized (sustained SBP > 100 mmHg, normalizing base deficit [23] and decreased fluid requirement) can undergo computed tomography (CT) scanning. Nonoperative management protocols can be followed for liver or spleen injuries, when appropriate ( Fig. 1 ). If the pelvic CT scan shows extravasation of contrast, further intervention is required (Fig. 2) [24, 25] . This finding has been shown to have an accuracy of 98% for identifying patients requiring embolization [26] . During angiography, contrast extravasation heralds arterial bleeding. Other signs of injury include vessel spasm or abrupt cutoff of named vessels and warrant strong consideration for embolization. Selective embolization with coils or foam should be performed. Temporary angiographic embolization of bilateral internal iliac arteries has been used to successfully treat hemodynamically unstable patients with pelvic fractures. The gelfoam slurry is used to shower the internal iliac artery, distributing clot to surrounding branch vessels. Gelatin foam is dissolved within 2-10 days, theoretically allowing for vessel recanalization and decreasing the risk of subsequent tissue necrosis [27] . This approach is reported successful in 87% in one study [28] . A prospective study of angiography and embolization reports an 80% rate of embolization with pelvic and visceral angiography, with 95% effectiveness [29] .
Temporary embolization (gelatin sponge slurry) of both internal iliac arteries can be used as a salvage maneuver in patients who do not respond to subselective embolization, as 93% of these patients have multiple sources of arterial hemorrhage. This maneuver was successful in 90% and a 97% success rate was observed with repeat embolization of both internal iliac arteries [27] . Gluteal skin and muscle necrosis with death from sepsis are potential complications of bilateral internal iliac embolization [30] .
Pelvic packing
Preperitoneal pelvic packing is an alternative option in unstable patients with refractory hemorrhagic shock. Packing may be the only option for the experienced surgical team if interventional radiology is not available. The potential volume of the retroperitoneum is approximately 4 l; therefore, preperitoneal packing can provide adequate tamponade of this potential space [31] . The procedure of preperitoneal packing is performed by evacuation of the hematoma anteriorly. The bladder is retracted laterally and the pelvic brim is carefully dissected. Cautious dissection is then carried out to avoid avulsion of the vascular connections between the iliac and obturator vessels. Three laparotomy packs are placed posterior and deep to the pelvic brim; the first sponge is placed below the sacroiliac joint, the second sponge is placed anterior to the first (middle of the pelvic brim), and the third sponge is placed in the retropubic space, deep, and lateral to the bladder. Once completed, the other side is packed in the same fashion [32] .
If bright red hemorrhage continues, emergency angiography with embolization should be performed. In one report of 18 patients who underwent emergency preperitoneal packing, 80% who had subsequent angiography had positive findings for arterial injury and underwent therapeutic embolization [33] .
Bilateral iliac artery ligation
A recent study was investigated using bilateral iliac artery ligation and pelvic packing as an adjunct to hemorrhage control in patients with expanding retroperitoneal hematomas. There were 201 patients with pelvic fractures who underwent operative intervention and 33 were determined to have expanding retroperitoneal hematomas. Secondary to hemodynamic instability, 28 underwent damage control iliac artery ligation and pelvic packing. The mortality rate was 64% and at least some of the survivors went on to angioembolization for hemorrhage control [34 ] .
Controversies in hemodynamically unstable patients
Patients with pelvic fracture who remain hypotensive (blood pressure 90 mmHg), and acidotic (base deficit À6), and/or have a persistent transfusion requirement [4-6 units packed red blood cells (PRBC)] are hemodynamically unstable and represent a group in whom there is controversy in management strategies. On-going resuscitation should be carried out that is focused upon correction of coagulopathy, acidosis, and maintenance of normothermia. The early use of a massive transfusion protocol should be considered. Massive transfusion protocols vary from institution to institution, but many centers are using a 1 : 1 ratio of PRBC to fresh frozen plasma [35] .
The current controversy centers on angiography versus pelvic packing. Some authors believe that catheter embolization is the best choice [9, 11, [27] [28] [29] . Miller et al. [9] stratified patients with pelvic fracture and hypotension. An adequate response to resuscitation was defined by sustained hemodynamic stability after transfusion of two units of PRBC or less. The patients who were nonresponders (i.e., remained hemodynamically unstable) had positive angiographic findings in 73% amenable to embolization. Velmahos et al. [27] described the use of angioembolization for emergent control of hemorrhage in pelvic fracture and abdominal hemorrhage with angiography immediately available during the day and within 1 h during night time hours, with a greater than 90% success rate.
Other authors strongly advocate for pelvic packing as the initial maneuver in controlling pelvic hemorrhage [22] . Cothren et al. [3] reported success with preperitoneal packing, but did note that eight of 28 patients did go on to angiography. Suzuki et al. [36] note that venous injuries are significant sources of hemorrhage, that preperitoneal packing can be performed very rapidly, and that preperitoneal packing and angiography can play a complementary role.
Both angiography and preperitoneal packing have been shown to be effective, but are dependent on appropriately trained and skilled physicians to be successful. The appropriate choice at an individual trauma center is dependent on the timely availability of these resources.
Acute and staged pelvic ring internal fixation
Staged surgery is typically recommended for the management of high-energy pelvic ring fractures. In a prospective study, 45 patients with high-energy pelvic ring fractures were selected to undergo acute internal fixation (<24 h) or staged internal fixation (>24 h). Initial shock parameters were significantly worse in the acute open reduction internal fixation (ORIF) group. Angiography was used in 18% of the acute group and 21% of the staged group. All early ORIF patients survived and one (3%) of the staged ORIF patients died. Acute ORIF of unstable pelvic ring fractures was shown to be well tolerated in hemodynamically unstable patients with multiple injuries. This procedure did not lead to increased rates of transfusion, mortality, ICU length of stay, or overall hospital length of stay [37 ] .
Conclusion
Patients with hemodynamic instability and pelvic fractures provide a significant challenge to the trauma surgeon. Rapid resuscitation with appropriate component therapy, reversal of shock and acidosis (normalizing base deficit), and rapid control of hemorrhage are the key elements. External pelvic stabilization, when appropriate, can be a useful adjunct. The use of angioembolization and preperitoneal pelvic packing requires appropriately trained teams that are immediately available. A multidisciplinary approach has been shown to be beneficial for patient outcomes.
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